
 
 

Screening California Surface Waters for  
Estrogenic Endocrine Disrupting Chemicals  
(EEDC) with a Juvenile Rainbow Trout  
Liver Vitellogenin mRNA Procedure 
 
October 2006 



 2

 
Screening California Surface Waters for Estrogenic Endocrine 
Disrupting Chemicals (EEDC) with a Juvenile Rainbow Trout 

Liver Vitellogenin mRNA Procedure 
 

*V. de Vlaming1, A. Biales2, D. Riordan3, D. Markiewicz4, R. Holmes5, P. 
Otis6, C. Leutenegger7, R. Zander5, and J. Lazorchak2  

 

1School of Veterinary Medicine: APC 
1321 Haring Hall 
University of California 
Davis, CA 95616 
 
2US Environmental Protection Agency 
National Exposure Research Laboratory 
26 West Martin Luther King Drive 
Cincinnati, OH 45268 
 
3 Department of Water Resources 
Division of Environmental Services 
3251 S Street 
Sacramento, CA 95816 
 
4Aquatic Toxicology Laboratory 
School of Veterinary Medicine 
University of California 
Davis, CA 95616 
 
5Central Valley Regional Water Quality Control Board 
11020 Sun Center Drive #200 
Rancho Cordova, CA 95670 
 
6North Coast Regional Water Quality Control Board  
5550 Skylane Boulevard, Suite A  
Santa Rosa, CA 95403 
 
7School of Veterinary Medicine 
Lucy Whittier Molecular and Diagnostic Core Facility 
3108 Tupper Hall 
University of California 
Davis, CA 95616 
 
 



 3

Table of Contents 
Abstract ............................................................................................................................... 6 
 
1. Introduction..................................................................................................................... 7 
 
2. Materials and Methods.................................................................................................. 10 

 
2.1 Sites and sampling .................................................................................................. 10 
 
2.2 Ambient water screening ........................................................................................ 10 
 
2.3 Fish.......................................................................................................................... 13 
 
2.4 Water and water quality .......................................................................................... 13 
 
2.5 Exposures................................................................................................................ 13 
 
2.6 Liver harvesting ...................................................................................................... 15 
 
2.7 Vitellogenin mRNA analyses ................................................................................. 15 

2.7.1 RNA isolation for the Q-RT TaqManfi PCR analysis (UC Davis)................. 15 
2.7.2 RNA isolation for SybrGreen PCR analysis (US EPA)................................... 16 
2.7.3 Reverse transcription (RT) reaction of total RNA (UC Davis) ....................... 16 
2.7.4 Reverse transcription (RT) reaction of total RNA (US EPA) ......................... 17 
2.7.5 Q-RT TaqManfi PCR system design and validation (UC Davis) ................... 17 
2.7.6 Q-RT SybrGreen PCR system design and validation (US EPA)..................... 18 
2.7.7 Q-RT TaqManfi PCR analysis (UC Davis)..................................................... 18 
2.7.8 Q-RT Sybrgreen PCR analysis (US EPA) ....................................................... 19 
2.7.9 Relative quantification of gene transcription................................................... 19 

 
2.8 Replication .............................................................................................................. 19 
 
2.9 Comparisons between treatments ........................................................................... 20 
 
2. 10 Statistical power................................................................................................... 20 

 
3. Results........................................................................................................................... 21 
 
4. Discussion ..................................................................................................................... 24 
 
5. Conclusion .................................................................................................................... 27 
 
Acknowledgments............................................................................................................. 27 
 
References......................................................................................................................... 28 



 4

 

 

List of Tables  
 
Table 1.  Sites sampled to screen for estrogenic endocrine disrupting activity in the 
California North Coast Region ......................................................................................... 38 
 
Table 2.  Sites sampled for estrogenic endocrine disrupting activity in the California 
Central Valley Region....................................................................................................... 39 
 
Table 3.  Sequence of PCR primers and TaqManfi probes .............................................. 40 
 
Table 4.  Liver Vtg mRNA in juvenile rainbow trout exposed to ambient samples 
collected on May 10, 2005................................................................................................ 41 
 
Table 5.  Liver Vtg mRNA in juvenile rainbow trout exposed to ambient samples 
collected on June 13, 2005................................................................................................ 42 
 
Table 6.  Liver Vtg mRNA in juvenile rainbow trout exposed to ambient water samples 
collected on July 26, 2005 ................................................................................................ 43 
 
Table 7.  Liver Vtg mRNA in juvenile rainbow trout exposed to ambient water samples 
collected on August 30, 2005............................................................................................ 44 
 
Table 8.  Liver mRNA in juvenile rainbow trout exposed to ambient water samples 
collected on September 13, 2005 ...................................................................................... 45 
 
Table 9.  Statistical power to detect a 20% induction of Vtg mRNA compared to the 
response to 10ng/L EE2 (positive control).  Positive controls were examined at 24 hours, 
8 days, or both time points................................................................................................ 46 
 

 



 5

List of Figures  
 
Figure 1.  Location of sites sampled for estrogenic endocrine disrupting activity. .......... 47 
 
Figure 2.  Relationship between EE2 concentration and Vtg mRNA (Mean – SE) in 
juvenile rainbow trout during a 24 hour exposure. ........................................................... 48 
 
Figure 3. Liver Vtg mRNA (Mean – SE) in juvenile rainbow trout exposed to EE2 in 
ambient water samples.  LAGMIR = Laguna de Santa Rosa at Mirabel.  UD = Putah 
Creek immediately below UC Davis WWTF outfall.  EE2 concentrations are nominal. 49 

 



 6

Abstract 
 

Concern regarding possible occurrence of chemicals that disrupt endocrine system 

functions in aquatic species has heightened over the last 15 years.  However, little 

attention has been given to monitoring for estrogenic endocrine disrupting chemicals 

(EEDCs) in California�s freshwater ecosystems.  Our objective was to screen surface 

water samples collected in the Central Valley and northeastern area of California for 

estrogenic activity.  The screening procedure utilized vitellogenin (Vtg) mRNA 

quantification in livers of juvenile rainbow trout by real-time reverse transcriptase 

polymerase chain reaction (Q-RT PCR).  Vtg mRNA analysis of livers from fish exposed 

to 113 ambient water samples collected from California surface waters indicated that six 

samples (5% of total) may have contained EEDCs.  The six samples induced marginal, 

but statistically significant, increases of Vtg mRNA.  No ambient water sample evoked 

Vtg mRNA responses equivalent to those in positive controls (all responses were less 

than 2% of the positive control response).  Thus, EEDC concentrations in these samples 

were low (at or near the threshold for the procedure) or results may have included false 

positives.   Overall, results imply that a majority of the surface water samples tested were 

below EEDC detection threshold concentration for the screening procedure utilized.  To 

establish a more definitive assessment of EEDC occurrence follow up screening at sites 

where statistically significant, but weak, estrogenic activity was observed is 

recommended.   

 

Keywords: Estrogenic endocrine disruption; vitellogenin mRNA; rainbow trout; 

California surface waters. 
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1. Introduction 

 
Concern regarding chemicals that potentially disrupt endocrine system functions in 

wildlife and aquatic organisms has heightened markedly over the last 15 years (e.g., Mills 

and Chickester, 2005; Propper, 2005; Sumpter, 2005; Sumpter and Johnson, 2005; Norris 

and Carr, 2006).  Several types of chemicals have been shown to affect the function of 

various endocrine glands.  While aquatic ecosystem occurrence of all these endocrine-

active chemicals is of concern, the most intensely investigated chemicals are those that 

mimic or inhibit effects of the vertebrate female reproductive hormones, estrogens.  The 

most common estrogens occurring in the bloodstream of female vertebrates are estrone 

(E1), 17�-estradiol (E2), and estriol (E3).  E2 is the most potent natural estrogen.  

Chemicals other than natural and synthetic (e.g., 17�-ethynlestradiol, EE2) estrogens that 

have been suggested to possess estrogenic properties include alkylphenols, bisphenols, 

polycyclic aromatic hydrocarbons (PAH), polychlorinated biphenyls (PCB), dioxins, 

organochlorine and other pesticides, and phthalates (e.g., Birkett, 2003a; Norris and Carr, 

2006). Considerable attention has been devoted to alkylphenols.  Alkylphenol 

polyethoxylates such as nonylphenol ethoxylates and octylphenol ethoxylates are non-

ionic components in many detergents, emulsifiers, surfactants, pesticide formulations, 

and solubilizers.  Alkylphenol ethoxylates frequently occur in wastewater treatment 

facility (WWTF) effluents as well as in industrial and agricultural discharges; their 

degradation products, alkylphenols, have weak estrogenic properties in some fish species.  

Bisphenol A, a widely used monomer for epoxy resins and polycarbons, also possesses 

weak estrogenic properties.   Natural, synthetic, and estrogen mimics (xenoestrogens) 

have been identified, by biological and/or chemical procedures, in aquatic ecosystems of 

several countries around the globe (e.g., Gomes and Lester, 2003).  

 

Various sources of estrogenic endocrine disrupting chemicals (EEDCs) have been 

identified or proposed.  WWTFs have received the most scrutiny.  Biological and or 

chemical screening of effluents have provided a majority of the data, but several studies, 

most relying on dispersal of caged male or juvenile fish in the vicinity of outfalls 




